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OVERVIEW
Total Maximum Daily Load (TMDL) for Total Phosphorous
for Lake Okeechobee

Today, under the Totd Maximum Daily Load (TMDL) Program, the Environmenta Protection Agency
Region 4 (EPA-R4) is proposing atotal annua load for total phosphorousfor Lake Okeechobeein South
Florida. In developing the proposed total annual |oad, EPA-R4 worked closdly with the State of Forida
Department of Environmental Protection (FDEP), the South Florida Water Management District
(SFWMD), and with EPA:s Office of Wetlands, Oceans and Watersheds in the Office of Water, EPA
Headquarters. EPA aso attended severad FDEP sponsored workshops on this issue, and listened to
commentsfrom various stakeholders. Thisproposed TMDL identifiesthe maximum |oad of phosphorusthe
Lake can recaive and ultimately be restored (brought into compliance with water qudity standards). The
TMDL dlocatesthetota load reductionto al the non-point sources combined. A specific alocation of the
TMDL to the mgor pollutant sources in the basin and the implementation plan for the TMDL are to be
established in future efforts. EPA is proposing that a collaborative process with the State and local
stakehol ders be established to accomplish this

The TMDL isdescribed in a separate document (Total Maximum Daily Load (TMDL) Development for

Tota Phosphorus-L ake Okeechobee, Florida, January 3, 2000), which dso containsthetechnicad anadyss

EPA conducted in the development of the TMDL. EPA isadso providing this Overview, whichisnot part
of the proposed TM DL, to provide background on L ake Okeechobee and the water quality problemsthat
led to the need to establish a TMDL, and the issues EPA consdered in the development of the TMDL.
EPA has dso included a description of the proposed collaborative process and is seeking public comment

on dl of theseisues.




Overview of Total Phosphorus TMDL Lake Okeechobee, Florida January 3, 2000

Lake Okeechobee-History and Summary of Problem

Lake Okeechobee is a large, shallow (average depth 2.7 meters) freshwater lake with a surface area
covering 730 squaremiles. Itisthelargest freshwater lakein Foridaand the second largest freshwater |ake
in the contiguous United States excluding the Great Lakes. Sinceitisasource of drinking water, the State
has designated L ake Okeechobee asaClass| water body. Itisasoasourceof irrigation water, recharges
the Upper Floridan aguifer, provides habitat for fish spawning and waterfowl, and provides for flood
control, navigation and recreation. Lake Okeechobee serves as the primary source of water for the
Everglades system. Lake Okeechobee is acomplex system that, depending upon the habitat, has varied
nutrient levelsthroughout the sysem. Thereisalarge shalow littoral zone aong the southern and western
edges of the Lakewith emergent and submerged vegetation. Thebadanceof theLakeisardatively shalow
openwater area. It aso hascomplex water circulation patternsthat are primarily controlled by wind events
As discussed below, these wind-driven everts play asgnificant role in the water qudity problemsin the
Lake.

The Lake has been sgnificantly impacted over the past 60 or more years by hydrologic and land-use
modifications to its drainage basin and by the congtruction d the Hoover Dike and Lake-leve

manipulation. These watershed land use practices include farming that increased the nutrient and

sediment load into the Lake. Higtoricaly, the Lake had few naturd outlets that drained the Lake. As
water levelsincreased in the Lake, thewater would flow over the natural low berm, and move south into
the Everglades. This provided naturd seasond flowsinto the Everglades system and alowed the Lake
to be periodicdly flushed out. As a result of mgor hurricane driven rainfal events thet flooded
communities next to the Lake, garting in the 1930's, the Hoover Dike was built around the Lake to
prevent thisflooding. Large cands were dso constructed with water control structures to manage the
water levelsinthe Lake. Additiona candswere dug, aong with the creation of the Water Conservation
Areas south of the Lake as part of the Central and South Florida Project.  After these hydrologica
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modifications, thewater discharged from the Lake moved down canas, south to the Evergladesand esst
and west to the estuaries. This system resulted in higher average Lake water levels, longer water
retention times within the Lake, and redtricted the naturd flooding of the adjacent system south of the
Lake. It dso interrupted the naturd flow into the historic Everglades.

This modified system functioned well for flood control and supplying irrigation water to the adjacent
farms south of the Lake, but dso had unintended negetive effects on Lake water qudity. As farms
developed south of the Lake, irrigation runoff and agriculturd Sormwater containing large quantities of
nutrients were pumped north into the Lake. Farming in the watersheds north of the Lake caused large
amounts of sediments and nutrients to be discharged into the Lake. These activities resulted in large
amount of sediments containing significant levels of nutrients to accumulate in the Lake. Without the
natura flushing that occurred when the Lake drained over the historic low naturd berm, this sediment
continued to accumulate in the Lake over the last 60 years. These sediments are now frequently

resugpended by wind eventsresulting in the nutrients being rel eased back into thewater column, causing
violations of water qudity standards and the Lake to not meet its designated uses.

Recognizing the nutrient loading problems, the pumping into the Lake from the farms south of the Lake
arebeing phased out over time. Also, the State hasimplemented severd programsto reducethe nutrient
load from the watersheds north of the Lake. These efforts include the Works of the Digtrict Program,
the Dairy Rule and the Dairy Buy-Out Program among others. These efforts have reduced the nutrient
load into the Lake, but it is widely recognized that additiona reductions in the amount of phosphorus
being discharged into the Lake and some form of internd remedid efforts will be needed in order to
restorethe Lakein areasonable period of time. Thisrestorationiscritica not only for the Lakeitsdf, but

for the downstream Everglades, which relies on the Lake as a source of water.
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The TMDL Process

In order to restore the L ake (bringit into compliance with water qudity standards), the maximum amount of
phosphorus that the Lake can recaeive and reach this god must be identified. That is the purpose of the
TMDL process. The TMDL program was established under the Clean Water Act (CWA) in order to
restorethe natiorrswaters so that waters not meeting water quaity sandardsarerestored. Under Section
303(d) of the Clean Water Act (CWA), TMDL sarerequired to bedeveloped for al watersthat have been
identified asimpaired (not meeting the applicablewater quaity standard). Specifically, aTMDL isdefined
in Section 303(d)(1)(C), asAtheload . . . . necessary to implement the applicable water quaity standards
with seasond variability and amargin of safety ... .0 Inother words, the TMDL will identify the amount
of phosphorusthe Lake can receive so that the Lake is meeting the nutrient water quality standard in some
reasonable period of time, and will maintain the Lake in this condition once it is restored.

A water qudity standard establishes the water quality gods of awater body by identifying the designated
use(s) of thewater and setting water quality criterion to protect those uses. There are various categories of
designated usesthat determinetheleved of water quality protection that isnecessary for abody of water. In
this case, the State hasidentified the designated use of Lake Okeechobee asaClass| water body, asource

of drinking water ance it supplies the drinking water for many surrounding communities.

Following the requirements of the CWA, in 1998 the State of Floridasubmitted and EPA approved, alist of
impaired waters for the State. That list included L ake Okeechobee asimpaired for nutrientsthat triggered
the TMDL development requirement. Under the TMDL program, the State hasthe primary responsibility to
develop the TMDLs for the listed waters. But in addition to the CWA requirements, EPA-R4 is dso
operating under the terms of a Consent Decree that required EPA to approve a State established Lake
Okeechobee TMDL by December 31, 1999, or EPA wasrequired to proposea TMDL by that date. (See,
HoridaWildlife Federation et d v. Carol Browner et d., Case No. 98-356-ClV-Safford). Likethe CWA,

the terms of the Consent Decree gives the State of Florida the opportunity to develop any TMDL.
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However, because of new State TMDL rule-making procedures, the State was not ableto finaizeaTMDL
for Lake Okeechobee such that EPA could approve it by the December 31, 1999 date in the Consent
Decree. EPA, as a sgnatory to the Consent Decree, was required to propose the Lake Okeechobee
TMDL inlieu of the State. Under the Consent Decree the State, at any time, may submit to EPA, afind
TMDL for Lake Okeechobee for EPA review and approval or disgpprovd. If EPA approves a State
TMDL, the State TMDL will supersede any previoudy proposed or find TMDL established by EPA.
Recognizing the Staters primary responsibility in this process, as noted above, EPA rdlied heavily on
information developed by the State of Floridain proposing this TMDL.

Background on TMDL Development

The Lake Okeechobee TMDL presented aunique Situation unlike any other TMDL proposed by EPA-R4,
by EPA nationdly, or by any EPA-R4 state. Assuch, many specid factorswererequired to be considered
throughout the process of developing thisTMDL. The accompanying TMDL document explainsin detall

the complexities of the Lake Okeechobee system that were consdered in caculating the TMDL. A

discussion of these consderationsis also provided in this overview to help readers understand the issues
faced by EPA and the andlysis done in proposing today-s L ake Okeechobee TMDL. Therewere dso
complex issues associated with the caculation of the TMDL siuch as developing the target god and

addressing the assimilative capacity of the Lake (the assmilative capacity of awater body istheamount of a
pollutant that can be taken up by the water body while meeting water quaity standards).

TMDLs are typicaly developed usng a computer-based modd. In this case, the TMDL was calcul ated
usng the South Horida Water Management Didtrict:s (SFWMD:s) Lake Okeechobee Water Quality
Modd (LOWQM) which was developed by the SFWMD as part of their on-going lake restoration
program. EPA choseto usethismodd sinceit had been peer reviewed and had aready been calibrated by
the SFWMD for the Lake. The modd takesarestoration target god (or numeric water quality standard if
avallable), and usng the dataavailable on the Lake, cal culatesthe amount of phosphorusload the Lake can
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receive and meet the goa or standard. 1t can then be used to predict the length of timeit will teakethe Lake
to reech thisgod.

Phosphorus Conditions in the Lake

As discussed above, Lake Okeechobeeisalarge and complex ecosystem that contains distinct ecological

regions. It hasbeen impacted for over 60 years by increased nutrient and sediment loads, and changesin
the hydrology of the Lake. Thereisdill asubstantia phosphorus load (624 metric tonsin 1997) entering
the sysem from the watersheds that needed to be considered.  Reducing this external source of
phosphorusis critica Snce studies have shown thet thisload has a negative impact on water qudity inthe
Lake. Reducing thissource will dso prevent additional accumulation of phosphorus-laden sedimentsin the
Lake. However, dueto the exidting internd recycling of phosphorus sequestered in the sediments, it will

take asubstantia period of time for theLaketo be restored in response to the reduction of the phosphorus
load entering the Lake from the watershed done. As noted above, phosphorus rich sediments have
accumulated in the Lake over the past 60 years. The current estimate is that the upper 18 inches of

sediment contains gpproximately 30,000 metric tons of phosphorus. During wind events, these sediments
are resuspended in the Lake, and the phosphorus contained in the sediments is released into the water
column, impacting the water qudity. Also, the Lake levels have changed over time and are scheduled to
change again under a new regulatory control schedule. The retention time for water in the Lake has dso
varied over time. Changesin the Lakelevelsand theincreased Lake retention time haved so had negative
impacts on water quaity and should be factored into the restoration process.

Target Goal for the TMDL

The firg step in caculating the TMDL is to identify the target god thet is needed to identify the numeric
point when the Lakewill be successfully restored. The TMDL mode usesthetarget goal, and based onthe
available dataand information on the L ake, cal culates the amount of |oad the L ake can receive and meset the
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god. The State of FHorida has an EPA-approved narrative water qudity criterion for phosphorus. This
narrative criterion (Rule 62-302.530(48)) establishes that: Aln no cases shall nutrient concentrations of a
body of water be dtered so as to cause an imbaance in natural populations of aquatic flora or fauna(
However, the State of FHorida, like many states, has not established a numeric water quality criterion for
nutrients, including phosphorus, for lakes. A numeric criterioninterpretsthe narrative criterion by identifying
a specific number that will protect the designated use of the water body (the water qudity). Without a
numeric water qudity criterion being availablefor the development of the TMDL,, it was necessary for EPA-
R4 to identify a numeric target goa for phosphorous for the Lake thet is expected to restore the Lakess
water quaity and protect the designated use.

Lake Okeechobee is ecologicdly complex, and there is a range of nutrient concentrations that would

naturaly exist in different areas of the restored Lake. However, the mode requires asingle number for
analysis, and it was necessary to choose a lake-wide average. The State and others have conducted
different sudies over the last severd years, and the totd in-lake average water column phosphorous
concentrations that were predicted to maintain the designated use of the Lake ranged from 34 ppb to 75
ppb. EPA-R4 reviewed the various studies, consulted with FDEP and the SFWMD, and attended severd

workshops held by the State to discuss these issues. Based on the review of these sudies, available data
and comments made at the workshops, EPA sdlected an average lake-wide water column phosphorous
concentration target for the TMDL of 40 ppb. Thistarget is congstent with the targets identified in the
development of the Lake Okeechobee Surface Water |mprovement Management Plan (SWIM), and was
recently identified as the restoration god in the L ake Okeechobee Action Plan by the Lake Okeechobee
|ssue Team, a sub-committee of the South Florida Ecosystem Restoration Working Group.

The TMDL Modeling Scenario

The next step in the process was to consider whether the Lake has any assmilative capacity to accept
nutrients. A TMDL isthe pollutant load that can beAassamilatedi by awater body when thewater body is
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at the applicable water quality standard for the pollutant. In other words, at apoint in the future when water
quaity standards are being met. This establishes the Amaximum assmilative cgpacityl of the restored
system. EPA believesthis gpproach is gppropriate in setting the TMDL where the water qudity standard
will be met in areasonable period of time. For example, for many impaired water bodies, such as most
flowing rivers, once the load to the water body isreduced to the level established inthe TMDL, the water
body will be restored to the water quaity sandard in areatively short period of time. However, for alake
system such as Lake Okeechobee, with itslarge volume of water, fairly long water retertiontime (thetimeit
takes the Lake to be completdy flushed out) and the large quantity of phosphorousin the Lake sediments
that will continue to be reeased into the water column, the modd predicts it will take more than one
thousand years for the Lake to reach the water quaity standard using theAmaximum assmilative capacityl
load. As discussed below, because of this predicted restoration time period, EPA concluded it was not
reasonable to follow the Amaximum assmilative capacityd andyticad gpproach for developing the Lake
Okeechobee TMDL. However, EPA used this approach as a sarting point in consdering other loading

scenarios.

Restoration Time Frames

In caculating the Lake Okeechobee nutrient TMDL, EPA-R4 firg identified the maximum phosphorous
load the Lake can handle at afuture time when Lake water quality meets the 40 ppb phosphorous target
(the Amaximum assmildive capacity@). Thisanaysiswas based on available historic dataand information
on the condition of the Lake before it was impared. (This information is discussed in the TMDL

document). The Amaximum assimilative cgpacityl andys's cdculated that a maximum load of 285 metric
tons of phosphorus could enter the Lake per year and maintain the phosphorus water quality standard.
Using thisload, absent any other restoration activities, the modd predicted it would take between 1000 and
1500 years for the Lake to achieve the standard (based on reducing external |oads to the Lake only).




Overview of Total Phosphorus TMDL Lake Okeechobee, Florida January 3, 2000

EPA next considered whether this restoration time frame was areasonabl e period of time and concluded it
washot. EPA believesthat selecting atotal annual |oad which would take 1000 to 1500 yearsfor the Lake
to reach thewater quality target would not meet the underlying requirements of the 1972 Clean Water Act,
to restore the natiorrs waters. For the main body of Lake Okeechobee, the sources contributing to the
phosphorus exceedences are all nonpoint sources. While neither the CWA nor the TMDL regulations
speak to the issue of how long it should take for load alocations assigned to non-point sources to be
implemented so that theimpaired water body attainsthe appropriate water quality stlandard, EPA believesit
hasan obligation to select aTMDL that will achieve water quality sandardswithin areasonabletimeframe
taking dl factorsinto account. Clearly arestoration time period of 1000 to 1500 yearsis not reasonable,
especialy congdering it took only 60 years to cause the impairment.

EPA next utilized the computer model to eva uate arange of |oading scenarios, and the resulting time period
required for Lake restoration a these variousloads. EPA chosethisapproachto dlow the publicto seethe
effect different |oading scenarios have on the restoration timeframe. Using 40 ppb of phosphorusasthein
lake target, the model produced a series of loading scenarios from a zero in-flow loading (dlowing for
atmospheric deposition only) to the maximum assmilative capacity load of 285 metrictons. Thisresultedin
predicted restoration time periods ranging from gpproximately 20 to 30 years (assuming the only load
entering the system is the estimated 71 metric tons per year of amaospheric deposition) to gpproximeately
1000 to 1500 years for the Amaximum assmilative capacityll load of 285 metric tons per year (including
atmospheric deposition). For additiona loading scenarios, see Table 4, inthe TMDL.

Selecting the TMDL

EPA assessad the option of establishing the TMDL at zero for the in-flow loading (assuming the estimated
atmospheric depogtion only). This is predicted to dlow the Lake to meet the water quality target in
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gpproximately 20 to 30 years. While thisis the fastest time frame for retoration, EPA redlized it is not
possible to achieve a zero load from externd land-based sources because of the significant amounts of
phosphorus currently sequestered in the watershed. This option would also require al existing sourcesto
essentially ceasedischarging. EPA concluded aTMDL of zero loading was not redigticaly achievableand
therefore not reasonable. EPA reviewed the modding results and considering the range of loadings and
restoration time periods produced by the model (See Table 4 in the TMDL document), EPA selected a
TMDL of 198 metric tons per year which themodel predictswill restore the L akein approximately 200 to

220 years. EPA recognizesthisisalong period of time but believesif the externd load is reduced to 198
metric tons per year, and thisaction is combined with other remedial actions (such assediment removal) theat
are being investigated, the restoration time period may be reduced. EPA aso considered inits decison
(using best professona judgment), that the loading of 198 metric tonsislikely achievable, consdering the
current land uses within the basin. This TMDL represents approximately a 68% reduction in the current
watershed phosphorus loads that are discharged into the Lake.

It is important to recognize that as this TMDL is implemented, incremental improvemerts in the water
column phosphoruswill occur over time. Ascan be seeninthegraphsinthe TMDL document (Figures 10
and 11), reducing the phosphorusload to thisleve will result in Significant near term (30 year) improvements
in water quaity. It is interesting to note on Figures 10 and 11 that each of the various loading scenarios
(except the scenario where only atmaospheric deposition was modeled) result in smilar reductionsin water
column concentrations of phosphorus during thefirst 30 years. Themgjor differenceinthevariousloading
scenariosisin how long the modd predicted it will take for the Lake to be restored. EPA bdievesthisis
due to the large quantity of phosphorus sequestered in the Lake sediments.

Sediment Removal - Impact on Restoration Time Frames

As noted above, a sgnificant quantity of phosphorus has been sequestered in the Lake sediments. In
andyzing the various scenarios, it became evident that the current phosphorousload contained inthein-lake
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sediments hasa significant impact on the restoration time periods. Because of EPA:=s concernregarding the
lengthy predicted time periodsfor restoration, EPA reviewed work presented by the SFWMD concerning
the effect of removing Lake sediments on the predicted restoration time. The SFWMD has looked at
various removal rates to determine the effect on water qudity and the results are promising, if dredging
provesfeasible. EPA hasgiven agrant to the SFWMD to continue research into the feasibility of dredging

options.

Fromthisandyss, it is gpparent that recycling of phosphorus from the sediments has asignificant effect on
the water column concentrations of phosphorus in parts of the Lake Although this is clearly an
implementation issue that requires further analysis, it is gppropriate to point this out since the effect on the
restoration time frames is potentialy sgnificant. 1t will be important for the State and stakeholders to
identify and implement effective remedid restoration actions as quickly as possible in order to restore the
Lake within areasonable time period. EPA hopes the collaborative process discussed below will lead to
thisresult. EPA expectsthis TMDL andysisto be updated every ten years or, when necessary, to mode

the results of the restoration activities and consider new data asit is developed.

Public Comment Opportunity

In proposing the TMDL of 198 metric tonsof phosphorus, EPA is seeking public comment onthe TMDL,
as well as the other scenarios presented. EPA, inthe TMDL document, is providing information to the
readers of the time frame involved for lake restoration at the proposed TMDL level. EPA, inthe TMDL
document, isalso providing information of thetime period required to reach thetarget god at variouslevels
of phosphorous loading above and below the proposed TMDL. We areinviting thelocd stakeholdersto
consider and provide input on their view asto whether the TMDL is reasonable and gppropriate given the
required amount of phosphorus load reduction and the time frame predicted for Lake restoration. In
making their recommendations, we would be interested in whether stakeholders believe the cost of
achieving greater externd phosphorous load reductions is worth the benefits of having a cleaner lakeina
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shorter period of time and why they believe thisis so. EPA intends to carefully evauate the comments

received.

The public comment period will be open from January 3, 2000 to March 17, 2000. A public meeting will
be scheduled in the middle of the comment period and will be announced in a separate public notice.

Allocation and Implementation Issues - Collaborative Process

TheTMDL being proposed today covers L ake Okeechobee proper, which includes sx segmentsidentified
as impaired for nutrients on the FDEP Section 303(d) list. Each of the associated impaired watersheds
(draining to Lake Okeechobee) areidentified on the Statesslist for separate TMDL sinthefuture. Sincethe
sources of theimpairment that flow directly into the Lakeareal non point sources, EPA hasnot specificdly
dlocated the TMDL to any onesource. Allocation of the TMDL to the watersheds and the devel opment of
theimplementation plan designed to achievethe TMDL arethefina stepsinthe TMDL process, and EPA
has proposed that these be devel oped through a collaborative process. Allocation and implementation are
critical to the ultimate success of the TMDL.

L ake Okeechobee has been the focus of numerous studies over many years that have resulted in alarge
volume of available data. Over the last 15 years, severd efforts have been taken to restore the Lake and
many remedid measuresaredready ongoing. The phase-out of the back-pumping from the southern farms,
the Works of the Digtrict Program, the FDEP Dairy Rule, the Dairy Buy-Out Program and other measures
have been implemented. Also, other remedia mesasures have been ether identified or are in the planning
dage at thistime. The Centrd and Southern Florida Comprehensive Review Study (Restudy) identifies
many project e ementsdesigned to restorethe Lake. The Lake Okeechobee Action Plan aso recommends
many specific actions to restore the Lake. Asaresult, implementation of remedial measures has dready

begun and will be an ongoing process requiring an adaptive and dynamic gpproach.

EPA believes a collaborative process to develop an implementation strategy on Lake Okeechobee
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restoration is needed due to the complexity of the problem, the wide range of interested parties (and
positions) with astakeinthe restoration of the Lake and the various efforts underway to restore the system.
The nutrient problems in the L ake come from avariety of sourcesthat will requiresite-specific restoration
gpproaches and the cooperation of many different parties. Also, since Lake restoration is part of the
Restudy, and the goal of the recently compl eted L ake Okeechobee Restoration Action Plan, acollaborative
processisneeded to coordinate theindividua restoration recommendations planned as part of these efforts

with the ongoing restoration activities and the TMDL.

EPA is proposing that a collaborative process be established, starting with an existing broad based group
(the Lake Okeechobee Issue Team), which has aready brought together representatives of the mgjor
stakeholder groups. The Lake Okeechobee Issue Team, formed by the South Florida Ecosystem
Restoration Working Group, has established a strong consensus on Lake restoration issues. The Issue
Team includes gtate and locad representatives involved in management of the Lake, environmentaists,
members of the agricultural community and federa representatives. EPA is proposing that thisgroup form
the core stakehol dersfor the collaborative process, with additional partiesincluded as needed so thet dl the

relevant interests are represented.

Thegod of the collaborative processwill beto devel op and explore dternatives and optionsto dlocateand
implement the established TMDL for the Lake. The Issue Team formaly submitted the L ake Okeechobee
Restoration Action Plan to the Working Group at the December 1, 1999 meeting. Due to the make up of
the I1ssue Team, the Action Plan already has widespread support. The Lake Okeechobee Restoration
Action Plan sets out a comprehensive set of actions that can be taken to hel p restore the Lake to 40 ppb,
the god of the origind SWIM Plan and the proposed TMDL. Sincethe Action Plan was devel oped by
consensus, thelist of optionsin the Action Plan can form the starting point for the collaborative process. The
group would aso consider the Restudy project dementsaswell asother options, asthey are developed and
authorized.
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Summary of TMDL

The accompanying TMDL document proposes a total annud load for tota phosphorus to Lake
Okeechobee. The TMDL was cdculated usng the South Horida Water Management Didtricts
(SFWM D:s) L ake Okeechobee Water Quality Model (LOWQM) which wasdevel oped by the SFWMD
as part of their on-going lake restoration program. Thispeer-reviewed model had aready been cdlibrated
by the SFWMD for the Lake. Themodel takes atarget water quality god (or the numeric standard if one
has been approved), and using the avallable information about the Lake, calculates the amount of
phosphorus load the L ake can receive and meet the target goal or standard. It can then be used to predict
the length of time it will take the Lake to reach the restored condition if the load is attained.

The TMDL wascdculated using anin-laketota phosphorus concentration of 40 ppb, whichrepresentsan
average water column phosphoruslevd for the entire Lake. The target goal was based on several studies
and sets of dataand is cong stent with published water qudity targetsfor the Lake. Using the modd, EPA
ca culated the phosphorusload that L ake Okeechobee could receive and meet the target god of 40 ppb at
some point in the future. EPA made a series of mode runslooking at the effect changing the load had on
the time it would take to restore the Lake. This resulted in a series of scenarios that ranged from

approximately 1000 to1500 years for an annud load of 285 metric tons of phosphorus, to gpproximately
20to 30 years, if only atmospheric deposition (estimated at 71 metric tons per year) isconsdered.  After
reviewing this information, EPA is proposng a TMDL for phosphorous for Lake Okeechobee of 198
metric tons per year, with apredicted lake restoration time period of gpproximately 200to 220 years. This
proposed load of 198 metric tons per year represents approximeately a68% reduction in the 1997 |oad of

624 metric tons of phosphorus.

EPA aso reviewed information provided by the SFWMD concerning the impact sediment dredging, if
feasble, would have on therestoration time period. Theresultslook promising and EPA has given agrant

to the SFWMD to continue the feasibility research. EPA aso noted that when dl the loading scenarios
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were compared (except the atmospheric deposition only scenario), water qudity levels showed smilar
improvement over the firsa 30 years. The mgor change was in the length of time it took the Lake to be

restored (meeting water quaity standards).

Conclusion

Indosing, EPA isproposinga TMDL which the Agency considersto be reasonable and gppropriate given
the anticipated timefor Lake restoration, and the Agency:s best professiona judgment of what isredidicaly
achievable in loading reductions. EPA is seeking comments on the proposa, and is planning a public
meeting inthelocd area(mogt likely in February 2000) to provide further opportunity for stakeholder inpuit.
All comments received will be carefully consdered. EPA will continue to work in cooperation with the
State and locd stakeholders through a collaborative process in the development of effective remedia

measures for Lake restoration.
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Executive Summary

This document proposes a Total Maximum Daily Load (TMDL) for phosphorus in Lake Okeechobee.
Lake Okeechobee is alarge, shalow eutrophic lake located in subtropical south central Florida. Itisa
large multipurpose reservoir providing drinking water for urban aress, irrigation water for agricultura lands,
rechargefor aguifers, freshwater for the Everglades, habitat for fish spawning and waterfowl, flood contral,
navigation, and many recreational opportunities. The lake is primarily impaired by phosphorus, which is
evidenced by widespread algd bloomsin the lake.

Thewater qudity god of thisTMDL isto reduce thetotal phosphorusload to Lake Okeechobee, in order
to contral high chlorophyll a concentrations, which are indicative of agd blooms.

The TMDL is based on achieving an in-lake total phosphorus concentration of 40 parts per billion (ppb).
The target is a conservative esimate that will be used to guide decison making until better information
becomesavailable. The TMDL iscaculated using thetota phosphorus concentration target of 40 ppb, 26-
year average flow (1973-1998), and the assmilative capacity of the lake's sediments. The TMDL for
phosphorus is 198 metric tons per year.
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Introduction

Section 303(d) of the Clean Water Act (CWA) as Amended by the Water Quality Act of 1987, Public
Law 100-4, and the United States Environmental Protection Agency’s (USEPA/EPA) Water Qudity
Planning and Management Regulations [Title 40 of the Code of Federal Regulation (40 CFR), Part 130]
require each State to identify those waters within its boundaries not meeting water quality standards
gpplicable to the water's designated uses. The identified waters are prioritized based on the severity of
pollution with respect to designated use classfications. Total maximum daily loads (TMDLS) for dl

pollutants exceeding or caus ng exceedences of applicablewater quality standards are established for each
identified waters. Such loads are established at levels necessary to implement the applicable water qudity
standards with seasond variations and margins of safety. The TMDL process establishes the dlowable
loadings of pollutantsor other quantifiable parametersfor awater body, based on the relationship between
pollution sources and in-stream water quality conditions, so that states can establish water-quaity based
controls to reduce pollution from both point and nonpoint sources and restore and maintain the qudity of
their water resources (USEPA, 1991).

Problem Definition

L ake Okeechobee wasidentified on the 1998 303(d) list, submitted to EPA by the Florida Department of
Environmenta Protection (DEP), asbeing impaired by nutrients (phosphorus), dissolved oxygen, un-ionized
ammonia, chlorides, coliforms, and iron.

This document proposesa TMDL for phosphorusin Lake Okeechobee. The TMDL is being proposed
pursuant to EPA commitmentsin the June 30, 1999 Consent Decree (ForidaWildlife Federation et. d. v.
Carol Browner et. d., Case No. 98-356-ClV-Stafford). The TMDLsfor anmonia, chlorides, coliforms
and iron will be done according to the TMDL devel opment schedul e associ ated with the above- mentioned
consent decree. Thistotal phosphorus TMDL documents the maximum daily load that L ake Okeechobee
can assmilate and maintain the water qudity target; the watersheds that drain into Lake Okeechobee will

have TMDLs developed at alater time.
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Target Identification

A tota phosphorus concentration of 40 parts per billion (ppb) is the selected water quality concentration
target for the Lake Okeechobee TMDL. EPA isusing the target concentration developed from efforts of
the Horida Legidature and South Florida Water Management Didtrict. It is anticipated that an in-lake
phosphorus concentration of 40 ppb will alow the Lake to attain its designated uses. The water quality
target identification was the subject of three public workshops conducted by the Florida DEP and South
HoridaWater Management Didtrict. 1t was concluded at the end of each of these workshops that 40 ppb
wasthe gppropriate water quality target. Further investigations by Forida DEP and the District described
below conclude that the water quality target of 40 ppb is historically and ecologicdly appropriate for the
lake.

A yearly mean in-lake phosphorus concentration goa was established at 40 ppb for the pelagic region by
the Florida L egidature through the SWIM Act to restore L ake Okeechobee to natural conditions (Federico
et d. 1981). A modified verson of the Vollenweider (1976) model was used to arive a this totd
phosphorusload that is needed for thelake to be ahedlthy lake syslem. The model found that on average,
the phosphorus and nitrogen |oads to the lake were 40 to 34 percent, respectively, above the excessve
loading rate. This modd was criticized for not taking into account the heterogeneity of the lake and the
contribution of phosphorus from the lake' s sediments.

Asareault, thein-1ake phosphorus concentration target of 40 ppb wasre-evauated by Havens and James
(1997), conddering historica “pre-impact” phosphorus concentration data and the heterogeneity of alga
responses to in-lake phosphorus concentrations. Based on historical “pre-impact” data, the tota
phosphorus concentration god to return the lake to a hedthy condition is between 30 ppb and 50 ppb.
Totd phosphorusand chlorophyll a concentrations are found to be highly correlated in the near-shore arees
to the southand west (Waker and Havens 1995). Inthisarea, total phosphorus concentrations are found
to be higher during bloom conditions compared to non-bloom conditions. Using thiscorreation, the total
phosphorus concentrations needed to prevent bloomsin the near-shore areas should belessthan or equa
to 48 ppb to 51 ppb (a<0.05). The phosphorus concentration target should be most protective of the

near-shore areq, asthisareaisthe most proneto dga blooms (Havenset d. 1994); thisareaiswhere the

3
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drinking water intekes are located; and this area is the most utilized for habitat, nesting, fishing and
recreation (Havens and James 1997).

James and Havens (1996) conducted aregression analysisto derive atota phosphorus concentration goal
to achieve adesred algd bloom frequency. From this study, the regression modd provided anear-littora
zone tota phosphorus concentration goa of between 36 ppb and 52 ppb. Another regresson mode
generated by plugging in the higoric low chlorophyll a concentration produced a tota phosphorus
concentration goal of between 40 ppb to 75 ppb (r*=0.88, a <0.05).

Thetota phosphorus concentration goa s produced by these different methodsal encompasstheorigind 40
ppb target.

Background

Description of Waterbody

Lake Okeechobeeis alarge, shalow eutrophic lake located in subtropica south central Floridaand isa
magor feature of the Kiss mmee- Okeechobee- Everglades (KOE) system (Figure 1). TheKOE systemisa
continuous hydrologic system extending from Certral Florida south to FloridaBay. Lake Okeechobeeis
the largest freshwater lake in Floridaand the second largest freshwater [ake within the contiguous United
States, covering approximately 730 squaremiles. Since 1992, thelake hashad an average lakewidedepth
of nine feet. The lake has a maximum storage capacity of 1.05 trillion gallons. Lake Okeechobeeisa
multipurpose reservoir providing drinking water for urban aress, irrigation water for agricultural lands,
rechargefor aquifers, freshwater for the Everglades, habitat for fish spawning and waterfowl, flood control,
navigation, and many recrestiona opportunities (SFWMD 1997).
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L ake Okeechobee' sdrainage basin coversmorethan 4,600 squaremiles. Thelake swatershed boundary

has been defined under the Surface Water Improvement and Management (SWIM) program as those
basinsthat are direct tributariesto thelake, including upstream tributaries and/or basinsfrom which water is
released or pumped into the lake on aregular basis (Figure 1). Forty-onebasinsfal within thisboundary.
Mgor hydrologicinflowsinto thelakeincluderainfal (39 %), the Kissmmee River (31 %), and numerous
amaler inflows, such as discharges from the Everglades Agriculturd Area (EAA), Harney Pond basin,

Indian Prairie Creek basin, Fisheating Creek, and Taylor Creek/Nubbin Sough. Mgor hydrologic outflows
include evapotranspiration (66 %), the Ca oosahatchee River to the west (12 %), the St. Lucie Cand (C-

44) to the east (4 %), and four agricultura canalswhich discharge south into the Evergladesregion (Miami,
North New River, Hillshoro, and West Pam Beach cands) (SFWMD 1997).

Two hundred years ago, L ake Okeechobee was a completely sand-bottom lake (Reddy et al. 1995).
However, since the 1950s, increasing rates of sediment deposition and phosphorus accumulation have
resulted in the formation of muds over alarge portion of the lake bottom (approximately 330 mi?)
(SFWMD 1997, Harvey and Havens 1999). The increased rates of sediment deposition and
phosphorus accumulation began 150 years ago, with the most rapid rates occurring in the last 50 years
(Reddy et a. 1995).

At low lake stages, Lake Okeechobee is a spatidly heterogeneous systemand hasfivedigtinet ecologicd
zones:. littora, trangtion, edge, north and center (Figure 2) (Phlipset a. 1995). Theecologicd zonesdiffer
based on water chemigtry: total phosphorus, tota nitrogen, chlorophyll a concentrations, limiting nutrient
gatusand frequency of algal bloomsand light availability (Havens 1994). Theecologicd zonesare closaly
associated with the different sediment typesthat have formed a the bottom of thelake. Sediment can affect
the ecology of the lake with the resuspension of certain sediment typesinto the water column, which then
affectslight availability. Thelittoral zoneis covered by emergent and submergent vegetation, covering an
area of approximately 150 square miles (25% of surface area), and is primarily located along the western
shore (Havenset a. 1996b, SFWMD 1997). Thelittora zoneistypically found in areaswhererock isthe
underlying sediment. The edge ecological zoneislocated in the southern and western portions of the lake,
between the littord and the trangtion zones, and is characterized by low tota phosphorus, high light
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avallability, and severe nutrient limitation year round. Thisecologica zone hasdeveloped in areas containing
sand and peat. The edge (or near-shore) zoneisthe mogt sengtiveto lake water levelsand nutrient loading.
The north zone is located in the northeastern portion of the lake and around the center ecologica zone.
This area receives high phosphorus loading from the Taylor Cresk/Nubbin Sough basins and is
characterized by high total phosphorus concentrations and nitrogen-limited phytoplankton growth. The
center zone aso has high totd phosphorus and high chlorophyll a concentrations, while photosynthetic
growth istypicaly light-limited (except in the mid-summer) due to the resuspension of the mud sediments
below. Thetrangtion zoneislocated between the north and edge zones and has moderate concentrations

of total phosphorus. This zoneis mostly found overlying sand sediment (SFWMD 1997).
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Hydrology

The pattern of water movement and currentsin Lake Okeechobee are typicaly the result of wind patterns
(direction and velocity) and water depth. Didtinct patterns are formed on the surface and at the bottom of
thelake (SFWMD 1997). Thewater circulation gyresfor both the surface and bottom typicaly moveina
clockwise direction (Sheng 1993). The water found at the bottom of thelake typically moves south, with
the presence of oneclockwisecirculation gyre. Thewater at the surfaceisinfluenced by multiplecirculation
gyres, dl-moving inthe clockwise direction (SFWMD 1997). Theresdencetimein Lake Okeechobeeis
approximately 3 years.

The Lake Okeechobee watershed haslittle relief and has awater table that is near the soil surface during
the wet season; asaresult, the areawas once composed of large quantities of wetlands (Blatie 1980). The
hydrology of the Kissmmee Okeechobee-Everglades drainage system has been greetly modified with
diking and dredging to create farmland, control flooding, provide navigation, and creste a water supply
(SFWMD 1997). Prior to human modification, thelittoral zone of Lake Okeechobeewas connected to the
Everglades marsh and would deliver sheet flow runoff to the Everglades (Brooks 1974, Tebeau 1984).
During the 1920s, flooding resulted in the loss of life and property, and as a result a flood control levee
(Herbert Hoover Dike) and arim canal were constructed around the lake to control flooding (Havenset d.
1996a). Currently, dl flows into and out of the lake are managed through 140 miles of cands, control

structures (gates, locks, and pumps) and levees, which were completed in the late 1950s, as part of the
Central and South Florida (C& SF) Project (Figure 2). The South Florida Water Management Didrict
(SFWMD), in conjunction with the United States Army Corps of Engineers (USACE), regulates these
structures and canas (SFWMD 1997).

The USACE has developed alake regulation schedule to control flooding during the wet season and store
water for the dry season. This schedule determines the timing and quantity of water releases from Lake
Okeechobee based on its water level (Otero and Floris 1994). Over the last 60 years, the schedule of
regulatory releases has somewhat varied thelake swater levels. Thelevee congtructedin 1932 a the south
end of lake was the only water control structurewithin the Lake Okeechobee watershed; and as such, the
lake was considered to be at “naturd water levels’, which was at an average of 19 feet NVGD. From

8
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1932 to 1950, the lake exhibited high average water levels and low inter-year varigbility. Thenfrom 1950
to 1977, the lake had lower water levels (14.4 — 16.1 feet) and higher inter-year variability. From the
1960s to 1971, the northern portion of the Lake Okeechobee watershed aso experienced hydrologica

changes. Thelower Kiss mmee River was channelized, and 40,000 to 50,000 acres of floodplain wetlands
weredrained for the development of agriculture (Loftin et d. 1990). These modifications upsiream of Lake
Okeechobeeresulted in higher lakeleve s, which flooded fish spawning grounds and waterfow fesdingand
nesting habitat. From 197810 1995, L ake Okeechobee had intermediate water levels (15.4-17.3 feet) and
high inter-year variability. Figure 3 presents annual average stage of Lake Okeechobee. The 1999
schedule has the god of reducing inter-year variability and a so reducing pulse releases of freshwater from
the lake to the Caloosahatchee and St. Lucie estuaries (LORSS 1996).

Average Annual Water Levels in Lake Okeechobhee
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Figure 3 Lake OkeechobeeLake L evels

Water Quality Characterization

I mpairment of Use

According to the 1998 Section 303 (d) list established by FDEP, the water quality of Lake Okeechobeeis
listed asimpaired due to phosphorus, dissolved oxygen, iron, un-ionized anmonia, coliformsand chlorides

High phosphorus concentrations and low dissolved oxygen are the predominant reasons for impairment.
Elevated phosphorus loadings to the lake and high interna phosphorus concentrations have intensified the
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eutrophication of the lake, which is evidenced by the development of widespread dga blooms. Low
dissolved oxygen is the result of groundwater seeping into the cands, flow from wetlands in the Taylor
Creek/Nubbin Sough, Fisheating Creek, Kissmmee River basins, and nutrient loading (Harvey and Havens
1999).

According to Rule 62-302.400 (Florida Surface Water Quality Standards), Lake Okeechobee is

designated a Class | water (potable water supply). The State of Forida has a narrative criterion for

nutrients, and according to thiswater qudity criterion (Rule 62-302.530(48)), nutrient concentrations of a
waterbody shall not be dtered so asto cause an imbaance in natura populations of aquatic floraor fauna.
The development of seasond blooms of blue-green dgae (Cichra et d. 1995) and the shift in the

compoasition of benthic macroinvertebratestoward more pollutant - tol erant species (oligochaetes) (Warren
et d. 1995) are consdered to be imbaances. Algd blooms have caused large-scde die-offs of

macroinvertebrates due to anoxiaand toxic anmonia (Jones 1987). Endotoxins (Carmichadl et a. 1985),

aong with taste and odor problems (Barica 1993), produced by the dgd blooms threaten drinking water
(Heiskary and Waker 1988). These problems created by dgal blooms have resulted in higher costs for
treatment of water for potable uses (Barica1993). Hightotal phosphorus concentrations and the presence
of undesirable dgal bloomsin Lake Okeechobee cause this waterbody to not meet its designated use.

Eutrophication

Researchers observed an increased rate of eutrophication in Lake Okeechobee from 1973 to present.
Symptomsof thiseutrophicationincludeincreasesindgd bloom frequency sncethemid-1980s, increases
in the dominance of blue-green dgae asaresult in ashift in the TN: TP rétio, increases in the lake water
concentration of tota phosphorus, and increases in chlorophyll a concentrations (Havens et a. 1995).
Phosphorus is considered the key dement contributing to the eutrophication of the lake (Kissmmee-
Okeechobee Basin Report 1972, Federico et a. 1981) because increases in tota phosphorus
concentrationsin thelake, coupled with decreasesin nitrogen |oading from reduced back pumping from the
Everglades Agriculturd Area, has shifted the TN: TP ratio from grester than 25:1 in the 1970s to greater
than 15:1 in the 1990s, creating conditions more favorablefor the proliferation of nitrogen-fixing blue-green
agae, which are responsble for the blooms seenin thelake (Smith et d. 1995). Anaga bloomisdefined

10
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by the presence of chlorophyll a concentrationsgreater than 40 ug/L (Maceina 1993, Carrick et d. 1994).
At this concentration, the agae noticegbly color the lake. Wind-driven sediment resuspension and high
summer temperatures seasondly and spatidly control dga blooms. Thehighest light availability in the spring
and fal occurs to the west, which results in higher frequencies of blooms. Bloom frequency is correlated
with temperature and transparency and negatively correlated with total phosphorus, dissolved inorganic
nitrogen and wind velocities. Blooms occur more frequently et the northern pelagic stations (L001 and
L002) and in the west (L0OO05 and L0O08). The lowest frequencies of blooms occur at the center of the
pelagic zone (LO04 and LO06). Overdl, the highest frequency of blooms is seen in June. The highest
frequency of blooms in the spring and fal occurred a L0O0S5 (west), while the highest in the winter and
summer occurred at L008 (west-central). Figure 2 illustratesthelocation of the sampling stations (Havens
et al. 1995).

Phosphorus Trends

Totd phosphorus concentrations within the pelagic region of the lake have been increasing sncethe early
1970s (Figure 4). Thetota phosphorus concentrations that currently exist in the lake are in excessof the
amount needed for ahedthy ecosystem. The congtruction of candsand structures, asaresult of the C& SF
Project, has contributed to the more than doubling of total phosphorus concentrations found in the pelagic
region of thelake, expediting theddivery of sormwater runoff from theintensveland uses (agriculture) that
have devel oped in the area (Harvey and Havens 1999). The average concentration of total phosphorusfor
the last five years in the pelagic region is 100 ppb. Near-shore total phosphorus concentrations are
generaly lower than concentrationsin the pelagic region (Havens 1997).

11
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Figure 4 Annual average phosphor us concentrationsin the pelagic region

Phosphorus trendsin sediments

The concentration of phosphorusin the sediments of Lake Okeechobee hasa so beenincreasing. Prior to
the 1950s, the lake bottom was comprised primarily of sand with low phosphorus content (Harvey and
Havens 1999). According to Engstrom and Benzonik (1993), phosphorus accumulation rates have
increased between the 1950s and 1980s. This phosphorus accumulation isresulting in the devel opment of
mud sediments. It is estimated that the lake sediments contain approximately 30,000 metric tons of

phosphorus (Havens 1997). This stored phosphorusis a significant potentia source of phosphorusto the
water column when the chemistry of the overlying water changes.  Phosphorus loading rates from the
sediments to the water column are 0.7 mgP/f/day for mud and 1.1 mgP/nf/day for marsh sediments
(Reddy et d. 1995). Currently, theinternd phosphorusloading from the sedimentsto thewater columnis
equal to the external phosphorusloading on an annud basis (Reddy et d. 1995). High phosphorusloading
to the lake saturates the sediments with phosphorus, which is decreasing the lake' s cgpacity to assmilate
phosphorus (James et a. 1995).

Tota phosphorus stored in the soil s of the Lake Okeechobee watershed increaseswith the intensity of land
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uses. unimpacted-44gPIn', forage-46gP/nt, pasture-102gP/n¥, intensive agricultural areas-766gP/NT,
streams-116gP/n?, and wetlands-75gP/n?. Tota phosphorus concentrations in soils within the Taylor
Creek/Nubbin Slough basins have increased 50-60 fold in the agriculturd areas asaresult of phosphorus
loading from manure. The phosphorus content of pastures hasincreased 3-4fold. Phosphorusretentionin
upland sedimentsis 85%, however continuous loading of these soilsis decreasing the retention capacity of
the soil (Reddy et al. 1995).

Current Lake-Wide Phosphorus Loading

Phosphorusloading ratesto L ake Okeechobee have averaged approximately 570 metric tons/year over the
past 10 years. The average output of 150 metric tonslyear leaves the system each year through the
gructures. Thisleaves 420 metric tonsyear of phosphorus as sediment on the bottom of thelake. Onan

annua bass, the phosphorus stored in the lake' s sedimentsiis adding phosphorus to the water column at a
rate dmost equd to the externd loading of phosphorus. To address excess phosphorusloadingsto Lake
Okeechobee, phosphorus-loading targets for each of the contributing basins within the watershed were
established by the SWIM Act of 1989 to rehabilitate the ecologica condition of thelake (SFWMD 1989).

The SWIM Act specified a 40% reduction in phosphorus loading in an effort to achieve an in-lake total

phosphorus concentration of 40 ppb (Federico et a. 1981). Thisequatesto atotal phosphorusload to the
lake of 400 metric tons/year (SFWMD 1993). Since 1991, phosphorus-loading rates have exceeded the
1989 SWIM target by over 100 metric tonslyear (Harvey and Havens 1999). Twenty basins are

exceeding their targets, while twelve basins are at or below their targets. Four basins have been identified
as the key contributors of phosphorus: TCNS, S-154, S-65D, S-65E, which are Taylor Creek, Nubbin
Sough, and the Kissmmee River. Many dairies and other land uses are out of compliance with their
permitsin these basins. Table 1 providesthe SWIM phosphorusloading targetsfor each basin, dong with
their current phosphorus loading rates.

Table 1 Current phosphorusloads rates and target phosphorusloading ratesfor each basin (SFWMD 1997).

Basin Controllable Sources Discharge Area SWIM SWIM Target Actual Actual Over
(acreft) Target TP L oad(short TP Load (short Target
(sg. mi) (ppm) tonslyr) (ppm) tons/yr)
(short
tonslyr)
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Basin Controllable Sour ces Discharge Area SWIM SWIM Target Actual Actual Over
(acreft) Target TP L oad(short TP Load (short Target
(sq. mi) (ppm) tonsfyr) (ppm) tons/yr)
(short
tonslyr)
715 Farms (Culv 12A) 12,758 4 0.18 3.1 0.1 1.7 -1.4
C-40 Basin (S-72) — S68* 16,069 87 0.18 3.9 0.2 10.5 6.6
C-41 Basin (S-71) — S68* 52,768 176 0.18 12.9 0.18 32.3 19.4
S-84 Basin (C41A) — S68* 66,759 180 0.1 9.1 0.05 12.9 3.9
S-308C (St. Lucie-C-44) 41,480 190 0.18 10.2 0.13 8.9 -1.2
Culvert 10 11,612 10 0.18 2.8 0.53 9.8 7
Culvert 12 15,075 13 0.13 2.7 0.18 3.6 1
Fisheating Creek 256,761 462 0.18 62.8 0.18 60.7 2.1
Industrial Canal 21,878 23 0.18 5.4 0.09 2.8 -2.6
L-48 Basin (S-127) 31,088 32 0.18 7.6 0.21 9.4 1.8
L-49 Basin (S-129) 0 19 0.18 0 0.09 2 2
L-59E nd 15 0.16 nd nd nd nd
L-59W nd 15 0.16 nd nd nd nd
L-60E nd 6 0.1 nd nd nd nd
L-60W nd 6 0.1 nd nd nd nd
L-61E nd 22 0.09 nd nd nd nd
L-61W nd 22 0.09 nd nd nd nd
Taylor Creek/Nubbin Slough (S-191) 116,022 188 0.18 28.4 0.57 94.2 65.8
S-131 Basin 11,992 11 0.15 2.4 0.12 1.9 -0.5
S-133 Basin 30,004 40 0.18 7.3 0.16 7.2 -0.2
S-135 Basin 30,097 28 0.16 6.5 0.1 4.3 2.2
S-154 Basin 23,428 37 0.18 5.7 0.76 22.8 17
S-2 34,629 166 0.16 7.5 0.18 9 1.5
S-3 13,429 101 0.15 2.7 0.18 3.9 1.1
S-4 40,921 66 0.18 10 0.18 11.1 1.1
S65E — S65 364,526 749 0.18 89.2 0.18 91.5 2.3
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Basin Controllable Sour ces Discharge Area SWIM SWIM Target Actual Actual Over
(acreft) Target TP L oad(short TP Load (short Target
(sq. mi) (ppm) tonsfyr) (ppm) tons/yr)
(short
tonslyr)
S-236 9,716 15 0.09 1.2 0.1 1.5 0.3
Culvert 4A 8,954 7 0.08 1 0.09 1.1 0.2
Culvert 5 nd 28 0.06 nd nd nd nd
Controllable Totals 1,209,967 282.7 403.4 120.7
Rainfall 0.03 71
S65 (Lake Kissimmee) 1,139,602 0.08 119.4
Lake Istokpoga (S-68) 342,212 0.04 22.4
S5A Basin 0 0
E. Caloosahatchee (S-77) 0 0
L-8 Basin (Culv 10A) 60,922 0.1 8.3
Uncontrollable Totals 1,542,737 221
Average Total Loadings 624.3
Basin Target 503.6
Vollenweider Target 458.7
Over-Target Loads Conc. based 120.7

Sources of Pollution to the Watershed

Human activities occurring within the Lake Okeechobee watershed have contributed to the high externa
phosphorus loading rates. Sources of pollution to the watershed are both point and nonpoint sources.

Point Sources

Severa point sources exist in the Lake Okeechobee watershed; however, none discharge directly to the
lake (Table 2). The specific wasteload dlocation to these point sources are not accounted for in this
TMDL, but will be addressed when the TMDL for the listed watersheds are established in the future.

Point sources include discharges of effluent from wastewater trestment or indudria facilities. These
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dischargesrequire permitsfrom DEP known asNational Pollution Discharge Elimination System (NPDES)
permits, dong with FDEP approved water quality-based effluent limits (WQBEL) or technica-based
effluent limits (TBEL ) for surface water discharges.

Table2 Sourcesof Pollution in the Lake Okeechobee Water shed (SFWM D 1997)

. Total Number
r f Pollution T .
Sources of Pollutio ype Permitted
Industrial Wastewater Facilities Point 69
Domestic Wastewater_Facmtles (Municipal and Point 121
Private)
Dairies Nonpoint 29
Works of the District (Agricultural, Industrial, .
Commercial, NPS BMPSs) Nonpoint 688
f Water M t (St t .
Surface Water Management (Stormwater Nonpoint 470
Management Systems)
Waste Disposal Systems (landfills) Nonpoint 16

Nonpoint Sources

Nonpoint sources are the dominant forms of pollution in the L ake Okeechobee watershed, and are aresult
of different land use practices (Table 2). Stormwater runoff from agriculturd land uses is the dominant
source of pollution to thewatershed. Agriculturd activitiessurrounding the lake dominatetheland useinthe
area, and are responsible for discharging large quantities of nutrients to the waters within the watershed
(Anderson and FHaig 1995). Approximately, 50% of the Lake Okeechobee watershed is used for
agriculture (Figure 7). Cattle and dairy pasturelands are the primary agriculturd activities north and
northwest of the lake, while cropland (sugarcane and vegetables) dominates to the south and east of the
lake (SFWMD 1989). The most intensive land use in the watershed is dairy farming, which began in the
1950s (Reddy et d. 1995). Thereis a high corrdation between phosphorus imports (anima feed and
fertilizers) to the watershed and phosphorus loading to the lake (Boggess et d. 1995). For improved
pastures, 34% of the phosphorusimportsisfertilizersand 35% isdairy feed (Boggesset d. 95). Other land
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uses in the watershed consist of wetlands (16%), Upland Forests (10%), Water (7%), Rangeland (7%),
Urban and Built-up (10%), Barren Land (1%), and Transportation and Utilities (1%). While urban land
uses make up 10% of tota area, they only contribute 3% of the tota phosphorus load in the watershed
(SFWMD 97). Another source of nonpoint pollution isimproperly maintained or overloaded resdentia
septic tank waste disposa systems, which deliver contaminants (bacteria and toxic household chemicals)
and nutrients to L ake Okeechobee' s north and south rim candl.
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Figure7. Land Use (Lewel 1)in the Lake Okeechobes Watershed

Figure5 Land Use (Level 1) in the L ake Okeechobee Water shed
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Reasons for High Phosphorus in Lake Okeechobee

The high phosphorus concentrationsin L ake Okeechobee are controlled by watershed activitiesand in-leke
processes (SFWMD 1997). The contributions of phosphorus from the watersheds draining into Lake
Okeechobee have occurred over the past 50-60 years. Theseloadings have caused sgnificant increasesin
the lake sediment phosphorus concentrations that influence the water qudity during low dissolved oxygen

conditions and wind events.
Loadings

Phosphorus enrichment and the increasein the frequency of high chlorophyll a concentrations (algd blooms)
isaresult of excessve phosphorus loading to Lake Okeechobee from upstream basins (Reddy and Flaig
1995). Phosphorus loading rates and their sources are discussed above.

Flooding of the Littoral Zone (High Water Levels)

Changesin the L ake Okeechobee water-leve regulation schedul e exacerbate the problem of eutrophication
inthelake by causng higher maximum and lower minimumwaeter levels. Inthe 1970's, the SFWMD raised
the water level of the lake, flooding hundreds of acres of wetlands. This resulted in an increase of

phosphorusin thewater column. The phosphorusisreleased from dead and dying vegetation in thelittoral

region into the water column. A sgnificant correlation between lake level and tota phosphorus was found
for the period of 1973 to 1984 (r=0.70, p<0.01) (Canfield and Hoyer 1988). However, water level and
total phosphorus are not related for the long-term period from 1953 to 1995 (r=0.50, p<0.05) (Havens
1997). Dierberg (1992) estimated that the total phosphorus concentrationsin the water columnincreased
by 3 ppb due to the complete flooding of submerged macrophytes (not sediments). However, this
concentration doneis't enough to contribute to the overal long-term averageincreasein tota phosphorus
inthelake. A study by Harriset d. (1995) dso agreed with this. Thelittoral zoneistypicdly asink, not a
source, for phosphorus (Dierberg 1993).

I nternal Loadings from Sediment

Another factor that controls phosphorus on the lake involves the internd phosphorus loading from the
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consolidated organic muds at the center of the lake bottom (Havens 1997). Sixty percent of the pelagic
bottom is composed of these consolidated organic muds, which store approximately 30,000 metric tons of
phosphorus. This phosphorusistypicaly bound to calcium, other organic matter, or iron at the surface of
the sediments. Thediffusiveflux of phosphorus between the surface and water column iscontrolled by iron
solubility. Under reducing conditions (low dissolved oxygen whereironisin theform of Fe**), phosphorus
is released at high rates from the sediment into the water column. Therefore, under conditions of low
dissolved oxygen, thelevesof phosphorusin thewater column could increase from 50 ppb toover 1 ppm.
This condition could contribute to the dgal bloomsthat occur in summer months (Olilaand Reddy 1993).
Despite decreasesin externa phosphorusloadings, interna phosphorus|oading haskept the concentration
of tota phosphorusin the water column at 90 ppb to100 ppb sincethe 1980s (Harvey and Havens 1999).
Thisisacommon effect seen in shalow lakes with along history of excessive externd phosphorusinputs
(Sas 1989).

Wind Effects

A third factor that affects phosphorus in the lake involves wind effects on sediment resuspension. The
amaogt daily wind-driven resuspens on increases phosphorus concentrationsin the water column (Havens et
al. 1996a). Wind and total phosphorus concentrations have a high correlation (r°=0.78), whichisahigher
correlation than that between water level and totd phosphorus. The highest sediment resuspensonin Lake
Okeechobee occursin the winter (Grimard and Jones 1992, Havens et d 1994). Sediment resuspension
typicaly occurs over the consolidated mudsin the pelagic zone. Thisisone of the reasonsfor the constant
high total phosphorus found in the pelagic zone. Thesetota phosphorus concentrations remain high even
when externd phosphorus loading decreases (Harvey and Havens 1999).

Available Monitoring Data

Water quaity has been monitored in Lake Okeechobee by many agencies since the late 1960s, including
the South HoridaWater Management Didtrict (SFWMD), Horida Department of Environmental Protection
(FDEP), United States Army Corps of Engineers (USACE), United States Environmentd Protection
Agency (USEPA), county governments, universities, and privete organizations. The lead organization for
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monitoring L ake Okeechobee has been the SFWMD. The data used for the devel opment of the TMDL
was based on the near-shore stations monitored by the SFWMD since 1973.

Numeric Targets and Sources - Model Development

A water quality modd has been devel oped by the South FloridaWater Management Didtrict (James, 1995)
to investigate management srategiesfor Lake Okeechobee. The Lake Okeechobee Water Quality Model
(LOWQM) has been developed and refined to best parameterize the nutrient fate and transport within this
large waterbody. The model has been successfully calibrated to a substantia dataset (1978-1997). This
mode was used to determine the assimilative capacity of Lake Okeechobee, evauate different loading
dternatives and project thetimeit will take the lake to return to acceptable water quaity based on loading

dterndtives.

Aswith any modd thereisalevd of uncertainty with the projections, especidly when projectionsinto the
futureare made. It isdifficult to quantify uncertainty inherent to dynamic water quality models like the one
being applied to Lake Okeechobee. The South FloridaWater Management Didtrict performed sengitivity
andysisonthemodd calibration by varying the rates and congtantsin the modd that exert the most control
over modd predictions. Additiona information and datawill be collected in the future that will beusedin
future modeling scenarios to reduce the uncertainty in the modd results. Currently, LOWQM represents
the best tool for developing and evaluating TMDL scenarios for Lake Okeechobee.

Total Maximum Daily Load (TMDL)

The TMDL is the tota amount of pollutant that can be assmilated by the receiving water body while
achieving the water qudity target. The TMDL will st the maximum average annud load of Tota
Phosphorus to Lake Okeechobee to achieve the water quality target of 40 ppb within a reasonable time

period.

Assimilative Capacity Determination

The assmilative capacity of Lake Okeechobee represents the maximum load the lake can incorporate

21



Proposed Total Phosphorus TMDL Lake Okeechobee, Florida January 3, 2000

without causing achangeinthein-lake and sediment phosphorus concentrations. The assmilative capacity
was determined by using the Lake Okeechobee Water Qudity Moddl.

The LOWQM modd was parameterized to 1910 measured sediment concentrations (90 mg/l total
phosphorus) and the current atmospheric load (71 tons). Severa scenarios were developed to determine
the assmilative capacity of Lake Okeechobee. These scenariosinvolved changing the inflow phosphorus
concentrations. Theannud load that is associated with the given inflow concentration ispresented in Table
3.

Table 3 Assimilative Capacity Determination

Inflow Metric
Concentration TondY ear

(mg/l)

0.085 288

0.034 285

0.080 275

The annud average load to Lake Okeechobee was adjusted until there was no net accumulation of
phosphorus in the lake sediments. This represents the maximum load Lake Okeechobee can assmilate
without causing an increase in the lake stota phosphorus concentration when an in-lake total phosphorus
concentration of 40 ppb is achieved. Figure 6 illustrates the predicted sediment concentrations for Lake
Okeechobee over time. The phosphorus load that does not cause an increase of phosphorus in lake
sedimentsis 285 metric tons'year. Thisrepresentsthe maximum assmilative capacity of Lake Okeschobea
A projected trend line for the maximum assmilative capacity indicates the waterbody will reach the target
of 40 ppb.
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Lake Okeechobee Assimilative Capacity

92

TP Sediment (mg/I
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Years
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Figure 6 L ake Okeechobee Assimilative Capacity Simulations (Sediment Concentr ations)

Figure 7 illugtrates the response of the water column concentration to loading scenarios. Because of
changes in inflow and the affects of sediment resuspenson events on weater column phosphorus
concentrations it is difficult to determine the trend in the water column. Trend analysis indicates that the

water column concentration is decreasing with time.
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Lake Okeechobee Assimilative Capacity

TP Water Column (mg/l)
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Figure 7 Lake Okeechobee Assimilative Capacity Simulations (Water Column)

The figures demondtrate the capacity L ake Okeechobee could assmilate given 1910 sediment conditions
and the current atmosphericload. It isimportant to note that today’ s current load to L ake Okeechobeeis
more than twice the assmilative capacity caculation.

Critical Condition Determination

ThisTMDL establishes the maximum annual load for phosphorus for Lake Okeechobee. The LOWQM
mode represents critical conditions by utilizing 26 years of data that represents the range of flow and
meteorologica conditions that can occur in Lake Okeechobee. The lake does not experience extreme

conditions because dl flows into and out of the lake are controlled by aregulation schedule.

Seasonal Variation
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Seasond varidion is consdered in the LOWQM model. The mode accounts for changes in flow,
meteorologica conditions, and aga dynamicsonwater qudlity utilizing a26-year period of record for Lake
Okeechobee. Seasond variation isimportant to this TMDL, because the water quality target was selected
to protect the lake againgt dgd blooms.

Margin of Safety

A margin of safety (MOS) is required as part of a TMDL in recognition of the many uncertainties in the
scientific and technical understanding of the chemical and biological processes that occur in Lake
Okeechobee. Furthermore, there are uncertainties associated with the model projectionsinto the future.
The MOS is intended to account for such uncertainties in a conservative manner that protects the
environment. According to EPA’s guidance, aMOS can be achieved through reserving a portion of the
load for the future, or using conservative assumptions in caculating the load. In the case of Lake
Okeechobee, the M OSis accounted for by establishingaTMDL at aloading vaue below theloading vaue
predicted by the nodd a the maximum assmilative cagpacity. This MOS will insure that the loading
determination is conservative and the water quality of the lake will be protected.

TMDL Determination

The determination of the Tota Maximum Daily Load for Lake Okeechobeeincludesaconsderationfor the
time period required for the lake to respond to the TMDL. In the case of Lake Okeechobee, EPA is
proposing a TMDL of 198 metric tons per year of total phosphorus that includes 71 metric tons per year
total phosphorus for atmospheric sources. The 198 metric tons of total phosphorus accounts for the long
recovery time of the lake due to nutrient cycling from the sediments.

Severa scenarios considered by EPA in determining the TMDL for Lake Okeechobee are presented in
Table 4.
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Table4 TMDL Deter minations

Inflow Concentration | TMDL (tonglyear) Recovery Time (Years) % L oad Reduction
(Ppb)
Based on 1997 624
tonglyr
0 71 20-30 8%
(Atmosphere Only)
40 173 180-200 2%
50 (EPA proposed 198 200-220 68%
TMDL)
60 224 300-500 64%
70 250 800-1000+ 5%
80 275 1000-1500+ 56%
(Maximum
Assimilative
Capacity)

Because of the large quantity of phosphorus contained in the sediments due to a long history of high
phosphorusloadsto the system, thetimefor thelaketo recover issubstantia. Table4, Figure8 and FHgure
9 illugtrate the response of total phosphorusto six different phosphorus-loading scenarios.

It should be noted that any of the scenarios would eventudly dlow the lake to recover to its pre-impacted
conditions of an in-lake phosphorus concentration of 40 ppb a some point in the future.
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Lake Okeechobee Trend Analysis
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Figure 8 Lake Okeechobee Trend Analysisfor different L oading scenarios
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Okeechobee Sediments
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Figure9 Total Phosphorus Responsesto TMDL Scenarios (Sediment)

Figure 10 and Figure 11 illustrate the response of the in lake phosphorus concentrations to the various
loading scenariosfor thefirst 30 years. 1t should be noted that in the short term (first 30 years) therelative
difference or change in phosphorus concentrations are rdatively smilar anong the scenarios. This is
indicative of theleve of phosphorusin the sediments and thetime required for them to be flushed out of the
system.
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Okeechobee Water Column
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Figure 10 Total Phosphorus Responsesto TMDL ScenariosFirst 30 Years(Water Column)

The overdl recovery of Lake Okeechobee will be determined by how fast the sediments respond to
changesinload. The quicker the phosphorus concentration is reduced in the sedimentsthe faster the lake
water column concentrations will be reduced.
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Okeechobee Sediments
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Figure 11 Total PhosphorusResponsesto TMDL ScenariosFirst 30 Y ears (Sediments)

EPA proposes a TMDL of 198 metric tons per year of tota phosphorus to Lake Okeechobee. This
proposed TMDL represents the environmenta benefit in selecting a scenario for the TMDL with alower
loading rate that will dlow for areasonable recovery time. This trandates to approximately 50 parts per
billion as the average inflow concentration of total phosphorus to the system.

The proposed TMDL for Lake Okeechobee is 198 metric tons of Total Phosphorus per year

including atmospheric sources of 71 metric tons per year.

Allocation of Responsibility and Recommendations

The proposed TMDL for Lake Okeechobeeis 198 metric tonstotal phosphorusper year. ThisTMDL is
not alocated to the individua structures entering Lake Okeechobee; instead this dlocation is given to the
sum of al loads entering Lake Okeechobee.
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